Background and purpose: Disruption of the tumor-brain barrier in meningioma plays a 29 critical role in the development of peritumoral brain edema (PTBE). We hypothesized that 30 osteoporotic conditions may be associated with PTBE occurrence after radiation in patients 31 with intracranial meningioma. 32 Methods: We measured Hounsfield units (HU) of the frontal skull on simulation brain CT in 33 patients who underwent linear accelerator (LINAC)-based radiation treatment for intracranial 34 meningioma. Receiver operating characteristic curve analysis was performed to determine the 35 optimal cut-off values for several predictive factors. The cumulative hazard for PTBE was 36 estimated and classified according to these factors. Hazard ratios were then estimated to 37 identify independent predictive factors associated with the development of PTBE after 38 radiation in intracranial meningioma patients.
Introduction
To avoid including cortical bone, all brain CT images were magnified for HU measurement. 187 All frontal skull HU measurements were conducted by a trained neurosurgeon blinded to the 188 clinical data of all patients. 189 190 Other study variables 191 Clinical data including height, weight, hypertension, and diabetes were extracted from 192 electronic medical records. Body mass index (BMI) was calculated as weight/ (height × height) 193 and expressed in kg/m 2 . Tumor location was confirmed by neuro-radiologists using the PACS. 194 195 Statistical methods 196 Continuous variables were expressed as mean ± SD or median with an interquartile range (IQR) 197 and categorical variables were expressed as counts and percentage. The chi-square test and 198 Student's t-test were used to assess statistical differences between non-PTBE and PTBE groups.
199
The mean frontal skull HU value ([mean right lateral HU + mean right medial HU + mean left 200 medial HU + mean left lateral HU]/4) was used in all analyses.
201
Receiver operating characteristic (ROC) curve analysis was performed to determine the 202 optimal cut-off values of several factors for predicting PTBE after radiation treatment in 203 meningioma patients. The optimal cut-off value was defined as the shortest distance from the The cumulative hazard for PTBE was estimated using Kaplan-Meier analysis classified 207 according to several predictive factors, with censoring of patients who had no PTBE on the last 208 brain CT/MRI. Hazard ratios (HRs) with 95% confidence intervals (CIs) were then calculated 209 using univariate and multivariate Cox regression analysis. This was used to identify 210 independent predictive factors associated with the development of PTBE after LINAC-based 211 radiation treatment in intracranial meningioma patients. The P-values less than 0.05 were 212 considered statistically significant.
213
All statistical analyses were performed using R version 3.5.2 (https://www.r-project.org/). Table 1 . sensitivity=69.2%; specificity=71.4%; P=0.019), respectively ( Fig. 2A-C) . However, BED did not show statistical significance in the ROC analysis (P=0.335), (Fig. 2D) .
292
According to the cut-off values, the study patients were classified into (1) ≥65 years (2) mean We found that PTBE was independently associated with possible low BMD and large tumor arachnoid membrane is impermeable to fluids due to its' tight intercellular junctions [14] . It is 376 thought that the arachnoid membrane may act as a mechanical and biochemical buffer against 377 mediators released from a meningioma [15] . It is probable that the arachnoid membrane blocks 378 the spread of edema-associated proteins such as endothelial growth factor/vascular 379 permeability factor and vasogenic edema fluids from meningiomas from the peritumoral brain 
